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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE Fo. 1182

A COLLECTION OF THE COLLAPSED RESULTS OF GENERAL TANK TESTS OF
MISCELLANEQUS FLYING-BOAT-HULL MODELS

By ¥, W. S. Locke, Jr,
SUMMARY

This report presents summary charts of the collapsed results
of gensral tank tests of sbout one hundred flying-boat-hull models.
These summary charts are Intended to be used as an engineering
tool %o enable a Tlylng boat designer to grasp more quickly the
slgnificance of various hull form parameters as they influence his
particular alrplane., The form in which the charts are prepared 1s
dlscussed in some detail in order to mske them clearer to the
designer.

Thles 1s s date report, but no attempt has been made to produce
conclusions of the ususl sort or corrslations. However, some
generalizations are put forward on the various methods in which
the swmmary cherts may be used.

INTRODUCTION

The increasing size of modern flylng boats will no longer permit
the desligner to meke a mistake. When Flight tests of the first _
prototype show up some wmdesirable hydrodynsmic characteristic, too
much time and money are usually involved in attempting to correct 1t.
The designer must, therefore, be given the tools whereby he may
predlct the performance of a proposed flying boat with reasonable
accuracy .

In order to Improve both the air and the water performance of
future flying boats, there ls lmperative need of systematic design
studies to determine the influence of the hull. It 1s hardly fair
to expect the desligner to wade through great masses of data in order
to ma%s these studles. He needs some simple, clear, and relatively
accurate means of getting an over-all picture of the effect of
various hull varisasbles.
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The usval forms of plotting the resulte of general tank tests are . .
so complex that from 12 to 20 sheets of paper are often required to pre-
sent the date for one hull model. = Uander these circumstances & long, lab—
orious study is required to find out which is the better of the two hulls .
for a given purpose. The prcblem of finding the best of a group of hulls
is practically unmenageable, both because of the work and becuuse the
method of presentation gives the designer no mental picture of the be—
havior of the medels.

During the last 15 years or so general tank tests have been run on
a very large number of hull models. This report presents the results of
all the published NACA general tank tests, and soms from the SIT and RAE
tanke, In such form that they will be of immediate usefulness for design
purposes. All the data for any one model are presented cn a single sum—
mary chert which may ve used to maske either specific or general ccmperi--
sonse. e

NOTATION

’

The- test resultis are presented in terms of the standard NACA sea—~
plane ccefficients. Throughcut this repcrt the following notatlion end _
definitions erd used: .

Load coefficient - Ca = AfWD3 : _ ]
v/ &b

R/wb3

g

Spesd coefficient

Resilstance cosefficient Cr

M/wbt

Trimming-moment coefficient Cm
I;oﬁgitudiné.l—sﬁxay éoe.f'ficie;zt : Cg = X/b
Tatsral spray coefficient ' Cy = ¥/b
Vertical-spray coefficient- - = Cy = Z/b
Forsbody length/beam ratio . . .. Lg/v

Afterbody length/beem rasio L./t

Stej_a" h?i@ﬁ/s#éyépos£‘ e.ngle ;;aﬁli.o_ : | g -. h/c I. ‘- ' -

Pitching "gyradius” constant . /L
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T Bw
Asrodynamic pitch damping constant Mg /V = b 4
where ' . - o R
JAN load on water, pounis
W specific weight of water, pounds per cubic foot (62.3 for

RAE and SIT, 63.5 for NACA, and 64.0 for sea water)

b beem at main sten, feet . . S . -

<

speed, fest per second

acceleration of gravity (32.2 ft/sec®)’

g
R resistance, pounds N l _ . } . e
M trimming moment, pounds o B
X longitudinal position of main~epray point of tangency, meas—
ured fore (positive) or aft (negative) of the sitep cem~ i
troid, feet
Y laterel position of main-spray polnt of tangency, measured
from the hull centerline, feet
Z vertical position of mein-spray point of tangency, measured
from the tengent to the forebody keel at the main step,
feet
Le forebody length, measured from the intersection of chine and
keel to the step centrold along a line parellel to the ten-
gent to the forebody keel at the main step, feet
Lg af terbody length, measured from the step centroid to the
second step centroid or sternpost, whichever is shorter,
fest . : _
L forebody plus afterbody lengths, feet
h step height at the step centrold, percent of beam at step _ A _
o sternpost angle, the angle between the tangent to the fore-—

body keel at the main step and a line Joining the tip of
the step and the sternpost or second step, whichever is
lower, degree
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B forebody dead rise at keel and mesin step, degree

o afterbody angle, the angle between the forebody and aftertoldy
kesls, degres )

Be, maximwm afterbody dead rise regardleas of where 1t occurs,
degree :

Mq serodynamic tail damping derivative (See reference 1 for com—

plete definition.)

k pitching radius of gyration, feet

Moment date are referred to the center of gravity and water trim—
ning moments which tend to ralse the bow are considered positive.

Trim (7) 1is the angle between the tangent to the forebedy keel
at the main step and the free water surface in gll casss.

Hesl (@) 1s the angle between the ceniterline plane of the hull
and a plane perpendicular to the still water surface.

The coordinates of the center of gravity are measursd above the
tangent to the forsbody keel at the main step and forwerd of a plane
perpendicular to the keel and passing through tke step centroid. The
step centroid is the center of gravity of the area on the forebody -
bounded by the tip of the step and a line Joining the intersections of
the step faces with the chines.

The following ccmbinations of the ccocefficients defined above are
used: - - . .. s N

Planing Range
I1if't ccefficient A/&;?GV (reference 1)
Resistance ccefficlent %/6§7cv : freference 2)-
Displacement Range : : : -
Speed coefficient o - CyR/Ca 18 (reference 2)
Resistance coefficient CR/CVZCA 2/3 (reference 2)

Longltudinal—spray coefficient CX/QA /8 {reference 3)

il
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Lateral-spray cosfficient . GV’/ CA /3 (reference 3)

Vertical—spray coefficient CZ/ Ca (reference 3)

The courtesy of the National Advisory Committee for Asronautics in
furnishing detailed test data on certaln models which had not previously
been published is deeply appreciated. It should be noted that the re— )
sistance end porpoising data on SIT models 29479 and LO6 were determined
under the auspices of the Glenn L. Martin Company. The date on SIT
models 618 and 621 were determined for the Grumman Aircraft Engineering
Corporation in connection with a flying boat being developed. for the
U. S. Navy.

DEVELOPMENT OF CHART

Figures 1 to 103, swmary charts used to present the data shown in
this report, are the result of a coordinated development program. It is
of- importence to the user of these charts to understeand how they are
laid out so that he can get the maximum benefit from them.

(a) Title box.— At the top of the sumsery chart is information de—

fining certain cheracteristics of the model and the test, which must be
known before intelligent comparisons can be made between charts. With
the exception of the designation they are believed to be self'-—-exple.na—
tory. Very careful consideration was given to the definition of this de—-
signation. By iteself, the designation will give a crude measure of what
are, perhaps, the most importaent hydrodynemic characteristics of the
hulls of modern flying boats. Thus,. if a chart has the designation:

4,00 ~ 1.00 - 25.0
1t would mean Le/b —h/c — Br
which, in turn, are a measure of Spray Skipping Impact

A further advantage of this system of designating the hull is that each
of the particular hydrodynamic characteristics lmproves as the number
gets larger. Like most things in nature, however, changing the hull
shape to improve one hydrodynsmic characteristic may harm another. The
designation system is therefore not foolproof and should be used with '
cautlon,

Background for the apsumptlon that the forebedy length/bea.m ratio
controls the main spray of the hull may be found in references 4 and 5.
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Both of these references show quite good correlation of the main-spray
charactsristics of exlsting flying boats in terms of forebody/length
beem ratio. While it is undoubtedly gquite true that other hull form ver—
iables have a powerful influence on the main spray characteristics, the
forebody length/beam ratio appears to be the primary parsmeter. Reference
6 indicates that one of the most important hull form variebles governing
the skipping characteristics is the ' atep heigh+/ste rnpost angle ratio.
Recent and as yet unpublished NACA tests indicate that the afterbody
length has considersble inflmnence on skipping, but other factors seem to
heve only secondery effects. It 1s generally accepted that forebody

dead rise is the hull-shape perameter controlling the violence of the
landing impact. Hence, it is believed thet the parameters chosen are
eminently suitable for a crude and quick evaluation of the potentiali-—
ties of a particular hull.

No matter how clever a designation system is devised, it cannot hope
to descrribe ccmpletely a shape as complex as & flying-boat hull., For
this reason, to the right and just underneath the title box, is a eimple
body plan of the hull. This should materially aid the user of the sum—
mary chart in getting a quick picture of the ghape under consideration.

A Tew other Important dimensioms and particulars of the hull models
may be found in the tables on pages 12 to 14, These tables may aleo be
used as an index of the—summary cherts included in this report. If any
particuiar hull should prove to be of direct interest, it is strongly rec—
cmmendnd. that reference be made to the original reports. The tables
aleso giwve the source of the dafa. T

(b) Main spray data.—~ The form in which the spray data is ehown

near the top of the chart was developed in reference 3. This method of

plotting has the very powerful advantege of sllowing direct comparisons

between hulls, regardless of the loads at which the tests were made. A
rather strong disadvantage 1s that the curves are not visibly related to
the hull itself. One way to overcome this difficulty is to compare the
height end lateral positions of the points of tangency of different-
models at the same longitudinal positicn. If it is expected to load the
different hulls in different manners, care must be exercised. A compari-
son of this sort is -only possible at all becausu of the fact that there-
is relatively little difference in the

CX/QA /3 curves for the various hulls tried eo far.

= .

Plots shown in reference 3 may be used to mexe an estimste of the
accuracy of this form of—plotting through the scattering of test points.

: alhanet ! -0 ’ - had B Ue TEEY FEAAE.

(¢) Displacement range xesistance.— In the middle of the summary
chart are shown the free-to-trim resistance end trim as determined in
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the displacement range. Thie form of plotting was developed in refer—
ence 2 and was chosen in preference to that shown in figure 23 of refer—
ence 3 because 1t ylelds difinive clues to two other very importiant
hydrcdynamic characteristics.

The bow spray in rough water (windshield wetting) is an exceedingly
importent characteristic of militery flying boets and a simple means for
eveluating 1t is very desirable. It appears that a reasonably relilable
criterion for evaluating bow spray is the peak of the curve of

Op/Cy2Cp2 /% The peak occurs at values of Oy2/Cal/3 near 1.5, which

is in the vicinity of the speed at wkich bow spray is at its worst. _
This peak should, under no circumstances, be confused with the true hump .
which occurs much later. The peak.in the Cg/Cy2Ca2/3 cuive is caused
Primerily by water piling up ahead of the bow. It therefore mekes an ex—
cellent criterion for measuring the effectiveness with which the bow cuts
the water. The lower the peask the gredter the ease with which the bow
cuts the water. Hence, by inference, it may be used as a measure of the
bow @pray in rough water, which appears to be directly related to the
ease with which the bow cubts through waves. (See reference T.)

With the lower power loadings coming into general use, it appears
that the free—to—trim trim is more important than the resistance. It
is hardiy worth while doing much work to reduce the take—off time 10
percent If the time is already about 20 seconds; whereas it i1s important
if the time is near €0 seconds. On the other hand, if the trim is too
high or too low the spray is likely to be qulte bad and, even though
i1ts duration is short, it mey do structural damege. The scale adopted
for trin is twice as largs aes that used in figure 23 of reference 3.
True, the resistance scale is much smaller in the vicinity of the hump
(Cy®/Cpt73 Dbetween about 8 and 12), but it is belleved to be largeenough

for most practical purposes.

In references 2 and 8 will be found data, plottéd in this manner,
which may be used to get an estimate of the accuracy to be expected
through the amount of scatter.

(&) Plening range.— In the planing range the results are presented
in the same manner dgs was developed in references 1 and 2. Contours of
the planing resistence coefficient ,\/"Cé/(}v- have been omitted where

they would be more than 2° or 3° outsids of the limits of longitudinal
stability. Since there would not be much hope of being eble to opsrate
a flying boat in this region of instability, regardless of how good the
resistance might be, omitting the data should avoid some confusion. An
sxception is the region nsar get—away in which the hull is riding with
the forebody clear. TUnder this circumstance, the contours were prepsared
whenever date was availabls. ' ' T
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In some cases contours of constant CM ere Iincluded — at least

where 1t wes not too time-consuming to dig them out of the original data.
Actually, plotting Cy in this way 1s completely lrrational. Constant

Cyq was used for two reasons: 1t works qulte well (eee data plote in
referances 1, 8 and 9) and itis simpler than the ratianal form

C/C ..... —_
N UM

The manner in which the varisus contcurs in the planing rsnge wers
derived deserves careful attention at the low-epeed end. At the Ligher
values of the vplening-lift ccefficient, A/ca/cv, the collepeing process

brezaks cown. The reslistance at constant trim and trim at constant moment
for specific values of C,, peel off the main curves. Examplee of this

peeling-off process may be found in refercenes 2 and 8. Wren the des;gner
is prepering resistance or trim curves fram the displecement and plening
range, care should be taken to see that tke curves from the two regimes
overlap. The lower values frcm either regime should then be used. This
matter is discussed in greater dstail in reference 8. The peak of the’
lower limit scmetimss, but not elways, performe a similar peeling off.

The breakdown of the collapsing prccess at the lower end of the planing
range 1l& regarded primerily as en inconvenlence. It can be overccms by
practice in using the charts and good judgment. '

The accuracy of the various contours in the planing range may be
Judged ty plota of date shown in references 1, 2, 8, and 9. The reason
that no test points have teen shown on any of the charts in this report
is merely to avold the confusion to the eye of a great mees of black
spots.

One lest point that—deserves mentlon is that speed increases to— —
vard the right everywhere on the summary charts.

DISCUSSICN

() Using the charts=-The crucial Job in designing a flying boat
is to ensure that the hull and ailr structure fit tcgether as a single
working unit to give both gcod alr and water performance. dJust us
airplanes designed for different purposes require different wing and
powsr loadings, so do hulle have to be custcm—tailored for the particular
Jobs they are expected to perform.

The designer is badly hampered, when hull data is reported in the =~
conventional menner, by the multiplicity of charts he has to wade through
to select a hull suitasble for the Job he has in mind. The summary charts
presented with this report should aid considerably in getting to the
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root of the problem of selecting a sultable hull., Basically, there are
at least three methods for using these charte. Depending on the time ard
staff available, best results will often be obtained by using a cambine—~
tion .of all three methods.

The first and simplest method of ueing the summary charts is to
select those which contain hull form perameters of interest and spread
them out over a large table: By merely standing back and looking at the
group of charts the desigrer can readily pick out, without further ado,
those .hulls having charadteristics completely unsuitable for the Jjob he
has 1n mingd. i method is not very effective for firnding the beet
hull for a particular job, but what is very important is that it will
quickly get rid of thé deadwocd. It will be noted that this type of
analysis will be greatly facilitated by keeping the summary charts in
8 loosse—leaf binder when they are nct in use, -

Betause of the “job that the hull is expected to perform, certain of
the hydrodynemic chraracteristics willl have predominating influence. The
criterie measuring these characteristics may be plotted against the con—
trolling kull-shape parameters. This process will undoubtedly shcw the
bow of one htrll is best, the afterbody of ancther hull, and so on. This
should allow the deeigner to fit the various perts together to produce
a hull having the performance he wente, and at the same time he will
have gquite a .good idea of ites characteristice. A% this stage the

designer should undertake tenk tests to get the speﬂlfic characteristics'_

of his hull if the importance of the projnct werrents the time and mcney.

The thlrd methcd ¢f using summery charts is actually to fit hulls
with satisfactory hydrodymemic characteristics to an airplene and deter—
mine the aerodynamic performance. A guick method of determining the
hydrodynamic characteristics for specific airplanes’ from ‘the summery
cherts will be found in.reference 8. If the ailrplene is being designed -
for maximum range, for instance, at the expense of other charecteristics,
range mey be plotted against various hull parameters. This type of
deslgn study yields its clearest resulte when confined to a series of
hulls having some systemetic change. Several such series will be found
in this report. Unfortunately, they are small families; however, in
the near future severel more complete studies should be available.

(b) General.— The desigrer will undoubtedly be highly irritated
when he .finds a hull with Scme one interesting cheracteristic, but the.
data 'on the othere hyrodynamic chsracteristics missing. Unfortunstely,
this 1is 1likely to happen quite fréquently since, out of all the charts
included, only ebout half a dozen are complete: :This disadventage should
not weigh too heavily, however, because it is a relatively simple matter
ta get the additional data necessary. Should such a hull or hulls turn

up, the designsr should mexe his needs known.
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In thils commection, it is worth noting that_the-testiné establishﬁehté-

would make a good deal faster progress if they deliberately left geps in
various types of data used in preparing a summary chart. For instance,
as far as large militery flying boats are concerned, present design
trends seem to indicate that stability and spray are the controlling
criteria. Work on these two characteristics, at the expense of others,
would appear well worth while. When interesting hulls have been found
1t is very simple to go back and get the missing data.

Ag pointed out previously, the mamner in which the displacement
range reeistance and trim is plotted was selected because it gave clues
to the bew spray and main spray even though they were not actually tested.
Similarly, the resistance contours in the planing range may be used as a
clue to the upper limit porpoising and skipping characteristics. Ordi-
narily, the upper limit of porpoising msy be expected to be about 1° below
the line which shows where the forebody comes clear. Further, 1t will be
reagsonably parallel to it. This will locate the primery upper limit, bu
not the sscondary upper limit. . '

At very low values of the planing 1:ft ccefficlent and moderately
hlgh trims, tke resistance contours fregquently bend to the right. Thie
bending is associated with afterbody wetting, and hence presumably may
be teken as at least an indicaticn of the skipping characteristics. On
a few hulls the bending occurs quite suldenly, and it is expected that
then skipping will be found only at trims above the lowest shaxp bend.

The temptation to select sume hull from thilis or other similar
collections of summery charts as the final design should be strenuocusly
reslsted. Because a certain hull was satisfactory on some given design
does not necessarily mean that it will be equally good for a new and
different design., These charts should be regarded as an engineering
tool for dstermining trends to arrive at a better hull. If kept in
this light, no matter how closely they are pushed, no insuperable
difficulties should arise from the use of the summary charte.

CONCLUDING REMARKS

The group of summary charte presented in this report should be a
valueble tool to assist the designer in selecting a hull for a particular
purpcse. By using the charits and getting familiar with them, the desligner
will be able more guickly to arrive at the point of most interest to him —
a high-performance ailrcraft.

Aviation Design Research Branch,
Bureaun of Aeronautics, Navy Depariment,
Washington, D. C., January 1946.
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27 o @ | 0.0 16,00 [Planing saxfaoe ™ 509 |, |28
28 o » | 10.0 16.00 a0 ™ 509 - |29 =
29 @ | 20.0 16,00~ f=mmme Ac- TR 505 |30 o
30 @ o | 30.0 16,00 [~——m—do- ™ 505 |31 O
35 asel 3,77 13.0/6,153 13.23 | Fsk3s | o 6.0 |1s.0 | .08 .97 113.00 [Pointsd stap ™ 551 |32 5
35-A 2.9} 3.77| 20.0(6.15 |3.23| .ips5k2.6 | © 6.0 |20,0 | .08 97 {13.00 |-----d0- ™ 551 |33
3B 2.92( 3.77) 25.086:15 §3.23 | keS| © 6.0 [25.0 | .08 97 [23.00 do- % S51 f3k [t ]
34 3571 .95 20.0{5. 71 [2.0h | 683 ho | 6.25] 7.5 000 | JTR L00 | 2k.00 ™68 | =
hO-AC 32|  Lhb| 20.0{5.57 Fa.h: 60| 3T | 7.5 &5 |20.0 | .30 L12 [13.47 - [Bep. 3|36
bo-ap 3.2 b 20.09.57 [2.03] 60|37 | &5 [ 85 |20.0 | .30 L1 |3.47 Bep. 43137 2
bouaE 3.12| k1] 20.0{7.h3 | .31 JA20lz7 | 85| 5.1 [=20.0 | .30 L1 |13.47 [Rep, 5h3)38 )
Lo.BC 3.121 Li4i £0.0{5.5712.0%] .%0]3.7 ] 7.5 85 |=20.0 | .30 Laz |34 Bep. 543 (39 v
Lo-gx 3.12 b1 20.0{7.h3 [ h.32{ .l20] 37 | 8.5 ] 9.1 |20.0 | .30 L1 L13.47 Bep. 5h3[L0 -
* |
w
Do
| )
1
! || A T N | 1 | | - ’ vy | "y ‘i“!



Modal
Denignation h & g B Oenter-of ~gravity poaltion | beam Bemarke

‘AT v We /o |1 | £ |(aoa) | (aoe) |20 [T abcvefb | (1n.)

Lefo | bfo | B
HACA MODELS

3.56 | 0.86] 26.0] 5.98(2.h2 | 0.995| T.75 7.3 | 9.0 | 25.0 [0.4k 2,08 12,00 N 563 a1
3.58 98| 26.0| 6.00[2.h2 [ .597| 7.75| 6.0 | 7.9 | 26.0| .58 2.0h  |12.00 ™ 6%6 k2
2,76 W51 22,5 A48 |L72 | J616] 3.1 [ 5.0 | 6.1 | 22.5| b8 ST | 17.00 ™ 566 &3
2.60 98| -2,0| 5.2k[2,6h | Lhg7| 6.8 | k6 | 6.92] 2k0 |0 .80 |1h.2h ™ 635 kk
2.38 38| 26.0( L.6B£.30 | .%09] 3.4%| 8.0 | 9.0 [ 2%.0| .13 3L |26.26 ™ %50 h5
2.76 A7 22,5 3462 W85 JTT3| M0 [ 5.8 | 8.5 | 225 Jhh .88 | 17.00 ™ 776 h6
337 .55 20,0 6.74(3.37 | .500| 6.8 | 7.0 B.25 | 20.0 | . Lg3 12,45 ™ 716 b7
3.37 85| #.0| 6.74]3.37 | .500] 6.8 | 7.0 | B.29'| #3.0] L93  |1e.45 ™ 715 L]
k7 05| 2.0 7.5%(3.37| .995| 6.8 (7.0 ] B8.29]| es.0| . L93 |12.49 ™ 716 ko
3.37 05] 30,0 6.74(3.37| .500| 6.8 [ 7.0 | 8.25| 30.0] o L33 |12.W3 ™ 716 %0
3.73 | h.09] 26.0| 6.70(2.97 | 96[2k.5 | O 6.0 | 85.0| 43 2.0k |12.00 |Pointsd step ™ &35 51
2,82 .36 22,5 1,59 |L.T7T | 615] 3.3 | 9.0 | 9.15 | 22.9 | .37 51 | X7.00 ™ 725 g2
2.34 7| 26.0 L,hg)2,15 | 522f b6 | 7.5 | 8.8 | 30.5] 96 |21.60 }30° V-etep . ™ 8568 53
3.73 | k09| 26.0( G.70)2.97 | J556[2k.5 | O 6.0 | 26.0| .45 2,0h  |12,00 |Faired pointsd step ™ 636 5k
3,15 L6 B | 5.24[2.09 | .60L| 1.99( 6.8 | 7.5 R A8 .53  |15.92 |Circnlar bottom ™ 668 o]
2.87 | 2.hh| 20.0| 5.he 255 | .530019.5 | 1.5 | B.0 | e0.0| .17 .98 |15.90 |Faired pointed wtop ™ 668 56
a.oE £3]1 25,0 b58[1.49 | L6758 2.6 | 2.2 | WS | 37.0] W42 TJ2 0 (2170 ™ 836 ;g
3.2 +3k | 20.0( %,38]2,1k | .603{ 2.%8| 6.8 | 7.5 | 20,0 | .46 L6 {15.92 ARR 3115
3.2h +34| 20.0| 5.38|a.1h | .603| 2.%8[ 6.8 | 7.5 | 20.0| .46 L1  |15.92 ARR 3115 50
3.2L 7| 20.0| 5.38[2.16 | .603| k32| 6.8 | 7.9 | 20.0| 46 Ll |15 ARR 3115 50
3.8k gg £0.0] 3.38[2.0k | 603 8521 8.5 | 9.6 | 20.0 | .46 116 [1%.92 ARR 3115 61
2.8 B8] 17.5( s.0kje.22 | .560| 5.0 | 5.0 | %7 | 7.5 .3 ' 3,17 |ak.00 ARR 3R03 &
2,60 38| 17.5| 5.0k [2.22 | 560 3.0 |75 | BT | 17.5 ] 31, L17  |1k.00 ABE 3823 63
oo | | 1ms :.ohig.ze 60|50 1903 |06 | s | i3 n1 oo R 303 | 6
2.8 .88 22.5( 5.0k jo.22 | .560| 8.0 | 5.0 | 5.7 | 22.5| .3t 1,17 |1h,00 ARR IR23 65
2,82 S0 20,5 s0kf2.22 | 560] 5.0 7.5 | 8.7 | 22,3 W31 117 |1k.00 ARR 3B23 66
2.82 gg 20.5| 5.08[2.22 | 360| 9.0 | 9.3 [[10.6 | 22.5( .31 L17 }31k.00 . gz
2.82 08| 27.5¢ 5.0k |2.20 | .560( 3.0 [ 5.0 | 5.T | 27.5%| .31 1.17 [1%.00
2.82 581 27.9| mokje.22 | .560] 8.0 | 7.9 | 8.7 | 27.3 (.30 L1 [2k.0O 69
2.82 J7| 275 S0k 22 | L560] 5.0 | 9.3 | 0.6 | 27.3 | .31 L17 | k.00 T0
3.1 74| 20.0| ®.23(2.09 | .601| 6,28} 6.8 | 8.45 | 20.0 | .45 1,13 |1%.92 :
3.94 851 20,01 6.54 (2,60 [ .60L| T.020 6.8 | 8.27 | 20.0| .51 1,86 |1h.2h
72 .93t 20,0| 7.B88(3.23 | .60L| T.70[ 6.8 | 8.1k | e0.0 | .55 1,38 ]13.00
5.80 68| 20.0 po.so{k.70 | W553] 5.0 | .0 | 7.60 | 20.0| b6 1,40 [1.81
5.80 66| 2k 530,50 (k.70 | J583] B0 [ 7.0 | 7.60 ] 285 W46 L (na
5,8 | Loz|2ksho.50[k70 | J353f10.0 | 7.0 | 8207 2h3| W46 Lk ey ¢ :
3.78 | L10|2%.0] 7.00|3.22 | . 9.0 3] .91 3%0} .31 .83 | ah.7h [45° Vestap ]
3.78 | Lo&| 50| 7.00(3.28 9.0 1 83 { 9.57T'¢ 35.0| ..3L .83 |1k.7% |With chind flare on afberbody
3.78 | 1.04|2%.017.00(3.22 | .340]| 9.0 { 8.3 2.97:4 35.0| ..31 83 |14 7Th |Chine lowered near bow
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Model

Dag. tiom h -2 ¢ | B Center-af-gravity posltion| bean Remarks Source Mg,
¥odsl Ho. e Lo | T/ [T/ 47y lang) | (aeg)| mex -~ e

1efo| bfo |8 .

| QAE OTELS -
L/b = 5.5 | 2.31| 0.38|20.0( k.47 | 2,16 |0.516 | 3.07] 7.3 | B.11|@0.0 | 0.18 L1 |10.92 ‘[RA 1350 8o
L/b = 7.0 | 2,9%| .b8|20.0|5.70| 2,76 | 516§ 3.9 7.3 | 8.11e0.0 | .23 42 | 8.5 Ba 1330 81
L/b = 8.5 | 3.97| .38|20.0{6.91] 3.34 | .56 | &.751 7.3 | 8.11|e0.0 | .28 172 | 7.06 BA 1350 &
L/t = 10.%| b.20| .69]|20.0[8.24] 3.9% | .53} 3,58 7.3 | B.n|=0.0 | 3@ 2,02 | 6.00 BA 1350 83
Shetland | 3.69| 1.06|27.0{7.29| 3.67 | .lg7 [20.0 | 7.2 | 9.0 |37.0 | .24 L32 | 7.17 | Paired 24° V-step Asro X7h3; |Gk
wa/te-a1 | 2,05 L3oler.5/6.50] 3.5 | s i1no | 6.3 | 8.5 [26.0 | .26 192 | 6.6 |Faired trameverss step Asro 1858 185 .
‘H2/he-q 2.87| L11f20.0|6.80( 3.53 | LB} 9.5 | 6.8 | 8.5 |23.5 | .16 1.95 | 6.56 | ~w--dn Asro 1858 (68
OKH hoo2| .95127.%18.28|. k.26 | k83| B.6 | 7.0 | 8.8 |42.0 10 1.29 | 6,58 | Fully faired step Asro 2023 (87
FE k02| 1.09:27.518.28| h.26 | 485 | 9.9 | 7.3 | 9.1 |k2,0 | .10 1.29 | 6,58 | Parabolic mtap Asro 2029 |88
{
! ; )
i

BIT NODKELS ! . . : |
29hT9 3.68] 0.31|20.0 (6.7 ; 3.06. 10545 | 2.6 | 7.9 | 8.4 |30.0 |0.44 L2 | 5.10 Unpub Lished 5
339-1 3.32| .62l20.0(6.07 | 2.79 | 547 | 5.0 | 7.0 { 8.00|20.0 .35 S0 | S0 ARR WF15 150
339-18 3.32| .6&|20.0 6.37 325 505 %0 | 10 77500 | W30 0 | 3.k0 Dbl ished (91
339-20 2.72| .62|=0.0(%.47]2.75 g{ 5.0 | 7.0 | 8.00{2c.0 | .33 .50 | 8o Tnpubliehsd g2
139-2 2.72| .81j20.0 J.srr 2.25 | .57 |-5.0 | 7.0 | B.25(|20.0 | .35 90 | B ARR W15 |93
339~ 3.93| .Ghlec.0ffaBf3.25 | 47| 5.0 | 7.0 | 70T 20.0, | .35 <90 | 5,40 ARR hR35  |gu
"339- oy hss | LBT20. 0By 1 3.8 LN 5.0 (| T.0 | 7% [20-0 «35 90 | 540 ! ARR W15 a5
-339-49 3.93| .67|20.0[7.68)3.73 | .503 | 5.0 | 7.0 | 7.50)20.0' | .35 .90 | 5.40 Tnpublished |26
L3g-1 3.32] .62|20,06.07 |2.73 | L5 | 5.0 | 7.0 | d.00[20.0 | .b3 .90 | 5.40 AR 3L [O7
L3g-2 3.32| .6R}0.Q18.0T [2.75 | W7 | 5.0 | 7.0 | B.00(20.0 | A3 <50 | 5.0 ARR 3X1) |08
k393 3.32| .&8[30.0)5.07 ]2.79 | .5%7 | 5.0 | 7.0 | B.00(30.0 | M3 +90. |- 540 ARR XL [g9
bo6 3.28| .mela0.006.02 1 2.7% | .%h3 | 5.0 | 7.3 | 8.30(30,0 | .37 L10 | 5.45 Uoprbliched {100
618-1 3.32| .T3[R0.0p.76 2.4k | M6 | 6.2 17,5 | 86000 | .39 1,09 | 5.50 ph5° V-step TEyprbliahed [108
6212 336 .B7|=.0/6.12[2.76 | .5h9 | 8.0 | 7.5 | 9.20le0.0 | W0 1.09 | 3.40 |5tratght otep Tpub Liahed 102
621-8 3.36| .87|20.0(6.00 2,75 | 550 | 8.0 | 7.3 | 9.20f27.0 | .40 1.05 | 5,40 |Chive lowered fwd, afterbody warp |Unpublishsd |103

]
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NACA TN No. 1182 DESIGNATION: 2.82-0.43-225 _ Fig. |
MopeL No. I C.G= 0-36 b FWD. OF GENTROID Co. = (NOMINAL) Testep AT NAGA No.! Tank
MopeL Beam: |7,00" "> 119 b ABOVE KEEL k/L= DaTE: ‘32
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Fig. 2 DESIGNATION: 2.82—-043-225 NACA TN No. 1182
MopeL No. |[-A C.G= 0-36 b FWD. OF GENTROID Ca, = (NOMINAL) TesTeD A1 NACA No.| Tank
MopeL Beam: [7.00" " 119 b ABOVE KEEL k/L= DaTe: 4/33
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NACA TN No. 1182 DESIGNATION: 2.82-0.32-225 Fig. 3
MogeL No. 1I-B C.G= O47b FWD. OF GENTROID Coo = (NGMINAL) TesTep AT NACA Ng.l TANK
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Fig. 4 DESIGNATION: 2.82-043-225 NACA TN No. 1182

MopeL No. I1-C c.G= 047b FWD. OF GENTROID Cas = (NOMINAL)  TesTED AT NAGA No.l TANK
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NACA TN No. 1182 DESIGNATION: 2.82-076-22.5 Fig. 5
Moper No. I1-G-7 _ 047 b FWD. OF CENTROID Cao = (NOMINAL) TesTep AT NACA Nal TaNk
MopeL Beam: I7.00" 09! b ABOVE KEEL k/L= DATE :
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Fig. 6
MooeL No. I[-C-8

“ DESIGNATION: 2.82-055-22.5 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-0.36-22.5 Fig. 7
MopeL No. [I=C-9 G.G= 047 b FWD. OF GENTROID a0 = (NOMINAL) TesTep AT NACA No.l Tank
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Fig. 8 .. DESIGNATION: 282-0.30-22.5 NACA TN No. 1182
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Fig. 12 DESIGNATION: 2.87— 061 -22.5 NACA TN No. 1182
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Fig. 14 - DESIGNATION: 2.66-075-75 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-075-14.8 Fig. 15
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Fig. 16 _ DESIGNATION: 2.82-043~-225 NACA TN No. 1182
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NACA TN No. 1182  DESIGNATION: 282-075-187 ~  Fig. I7
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Fig. 18 o DESIGNATION: 2.82-075 -22.5 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.00-0.44-22.5 Fig. I9
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Fig. 20 - -DESIGNATION: 2.64-043-225 NACA TN No. 1182
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Fig. 22 DESIGNATION: 3.20-049~-25.1 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.44-056-23.0 Fig. 23
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Fig. 24 ~ = DESIGNATION: 284-05/-225 NACA TN No. 1182 .
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NACA TN No. 1182 DESIGNATION: 2.12 ~ 2.88- 100 Fig. 25
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Fig. 26 _ .. DESIGNATION: 2.28 -2.88 ~ 10.0 NACA TN Ne. 1182
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NACA TN No. 1182 DESIGNATION: 2.75-045-220 ] Fig. 27
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NACA TN No. 1182
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Fig. 30
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NACA TN No. 1182 DESIGNATION: o~ -30.0 Fig. 3l
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Fig. 32 DESIGNATION: 293~-377-150 NACA TN No. 1182
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NACA TN No. 1182

DESIGNATION: 2.93-377 - 200

Fig. 33
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Fig. 34 DESIGNATION= 29_3_-3.7_7—_25._0 _ NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 357-0.55-20.0 Fig. 35
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Fig. 36 DESIGNATION: 3.12-0,44-200 NACA TN No. 1182
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NACA TN No. 1182 " DESIGNATION: 3.12-044-200 _ Fig. 37
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Fig. 38 DESIGNATION:  3.12-041-200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.12-044-200 Fig. 39
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Fig. 40 i DESIGNATION: 312-041-200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: - 3.56 - 0.86~-26.0 Fig. 41l
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Fig. 42 . DESIGNATION: 358-098-260 NACA TN No. 1182
MooeL No. 41-D C.G= O-58b FWD.OF CENTROID Cao= 140~ (NOMINAL) Testeo a7 NACA No.| Tank
MopeL Beam: 12.00". 204b ABOVE KEEL k/L= DaTe: 4/36
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NACA TN No. 1182 DESIGNATION: 276-0.51 -22.5 Fig. 43
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Fig. 44 " 'DESIGNATION: 260-098--20 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.38-038 -260 Fig. 45
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Fig. 46 - DESIGNATION: 276 -047-225 NACA TN No. 1182
MopgL No. 52 " GGe O0#4b FWD.OF GENTROID Co.= 046 ' (NOMINAL) TesTep at NAGCA No.l TANK
MooeL Beam: 700" " 091b ABOVE KEEL k/L= DaTE: 6/35
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Fig. 47

NACA TN No. 1182 DEsSIGNATION: 3.37-085 — 20.0
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Fig. 48 DESIGNATION: 3.38-085-250 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 4I7-085-25.0 Fig. 49
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Fig. 50
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NACA TN No. 1182 DESIGNATION: 373 -409-26.0
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Fig. 52

- DESIGNATION: 2.82-0.36-225NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.34-047-260 . Fig. 53
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Fig. 54 DESIGNATION: 373-409-260 NACA TN No. 1182
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MopeL Beam: 200" " 2.08b ABOVE KEEL k/L= DaTe: 10/36

: ' 4 FAIRED POINTED STEP
2.8 - 3
e S =
[&] -
- 2.0 b
L
1.6 ster |
g O
1.2 Z",-; —t
2
-o.aQ1 >
S ) STATION SPACING GIVEN AS.
- 04 i/ G? 31 DISTANGE FROM
| 2 3 4 5 6 7 8 9 10 2 I3 4 STEP, IN UNITS OF BEAM

}__009 - l I : L J —_—— L | — ———
) " FREE-TO-TRIM RESISTANGE AND TRIM _

N DISPLACEMENT RANGE | .

-0.08 -

- 0.07 < - = - 14

' TRIM :

- 0,06 >N\ i 5 ~keiz -
0,05 ri“ X\ e . L S e § o
N> — R IS Y E

5 X\ eyl D B NN M O i S

0,04 £ CA'O'G"‘S\’ /r o //ﬁ /_/ I é

' L~ -1 o 06

ot oS T T

- 0.021— <t = = =71 mamm 4 -
ﬁ-é’(——— ! G | 127 s 185 — :

xadla ot 7Gi7E RESISTANGE I

0 | 2 34 5 6 7. & 9 10 1F 12 13 14 15 16 17 18 9

—16 - -

|14 - hd

| 12 : i : : -2~ - - ~ -

, Cy=mo / A . FOREBODY
I yne N Y
NN i< 0 S 7SN
| 5.2 \\\\\ L=/ ) ! N AV >N W
2 Gy (L />/¥ \
eSS AL NS
= 1 AN N
T BRSNS N
4 RESISTANGE, MOMENT AND STABILITY CHARAGTERISTICS o S \4: A N N N Y Y g
. PLANING RANGE \\\m\\\w:\\% SN Q\\omg
—2 - £4 = -
N|q/Vl2b ‘ j ey :
0.35. " D30 6.25 0.20 0.15 0.10 005 Q

L



NACA TN No. 1182 DESIGNATION: 3.15 —0.26-R Fig. 55
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Fig. 56 _DESIGNATION: 287-244-200 NACA TN No. 1182
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GETAWAY L

NACA TN No. 1182 .DESIGNATION: 309-063-250 Fig. 57
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Fig. 58
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NACA TN No. 1182

MopeL No. 84-EF-!
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Fig. 60 DESIGNATION: 3.24 -0.57— 20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.24-0.47-20.0 Fig. 6l
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Fig. 62 DESIGNATION: 2.82 ~ 0.88 — |7.5 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.82-0.58 - 17.5 Fig. 63
MooeL No. 126 A-2 C.G= 03! b FWD. OF GENTROID Cao = (NOMINAL) Testep AT NACA No. | Tank
MopeL Beam: 14.00" "7 1.I7 b ABOVE KEEL k/L= DATE : 7/42 _
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[Fio. 64 | DESIGNATION: 2,82 - 0.47 - [7.5 NACA TN No. 1182

MopeL No. 126 A-3 C.G= O3 b FWD.OF cENTROID Cas® (NOMINAL) TesTeo AT NACA No.l Tank
MopeL Beam: 14.00" "~ LIT b ABOVE KEEL k/L= . DaTE® 7/42
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NACA TN No. 1182 -DESIGNATION: 2.82-0.88 - 22.5 __ Fig. 65
MopeL No. 126 B-I C.G= 0-3! b FWD. OF GENTROID Ca, = (NOMINAL) TESTED AT NACA No. | TANK
MopeL Beam: 14.00" 117 b ABOVE KEEL k/L= DATE: 2/42
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Fig. 66 DESIGNATION: 2.82~0.58-22.5 NACA TN No. 1182
MooeL No. 126B-2 cGe 031D FWD. OF CENTROID Ca, = (NOMINAL) TEsTED ATNAGCA No.l Tank
MooeL Beam: 14.00" " LIT b ABOVE KEEL k/L= DaTE* 2/4p
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NACA TN No. 1182 DESIGNATION: 2.82 - 047 -22.5 Fig. 67
MopeL No. 126 B-3 '~ _ 0.31 b FWD. OF GENTROID Cs. = (NOMINAL)  TesTep AT NACA No. | Tank
MopeL Beam: 14.00" " LIT b ABOVE KEEL k/L= DATE: 2 /42 :
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Fig. 68 ... . DESIGNATION: 2.82 - 0.88 - 27.5 NAGA TN No. 1182
MooeL No. 126 C-| 668-0,;31'5 FWD. OF GENTROID Caa = - (NOMINAL) Testep AT NACA No. t Tank
MopEeL Beam: 14.00" 117 b ABOVE KEEL k/L= DaTe: 7/42
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NACA TN No. 1182 DESIGNATION: 2,82 - 0.58 - 27.5 Fig. 69
MopeL No. 126 C-2 GG=°'3' b FWD, OF GENTROID Ca. = (NOMINAL) Testep AT NACA No. | Tank
MopeL Beam: 14.00" '+~ LI7 b ABOVE KEEL k/L= DaTE: 7/42
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Fig. 70

DESIGNATION: 2.82 — 047 = 27.5 NACA TN No. 1182

MobeL No. 126 G=3 . 031 bFWD. OF GENTROID Cae* ~ (NOMINAL)  TesTep AT NACA No.| Tank
MopeL Beam: 14.00" II7 b ABOVE KEEL k/L= Date: 7/42
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NACA TN No. 1182 DESIGNATION: 3.14-0.74-20.0 Fig. 71i

MooeL No. 144 .G ©45 b FWD. OF STEP Ca, = (NOMINAL) Testep AT NACA No.l Tank
MopeL Beam: 15,92 " 113 b ABOVE KEEL k/L= Date: T-42
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Fig. 72 . DESIGNATION: 3.94-0.85-20.0 NACA TN No. 1182_
MooeL No. 145 C.G= O3! b FWD. OF STEP Ca. ™ (NOMINAL) Testep AT NACA No. | Tank
MopEL Beam: 14.24 1.26 b ABOVE KEEL k/L= Date:  T-42
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NACA TN No. 1182 DESIGNATION: 4.71 -095~-200 an 73
MooeL No. 146 ' C.G= 053 b FWD. OF STEP Cae= (NOMINAL) TESTED AT NACA No.1 Tank
MopeL Beam: 13.00" 138 b ABOVE KEEL k/L= Date: 7-42
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Fig. 74 - DESIGNATION: 5.80-066-20.0 NACA TN No. 1182
MopeL No. 184 © .= 0-46b FWD. OF GENTROID Cae = (NOMINAL) TesTeo ATNACA No. | TANk
MopeL Beam: 11.81" "> 1.40b ABOVE KEEL k/L= |  Dater ‘44
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Fig. 76 DESIGNATION: 5.80- 122 - 24.5NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION:3.76-1.10-25.0 Fig. 77
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Fig. 78 o DESIGNATICN: 3.78-106-250 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.78 -1.06 - 250 Fig. 79
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Fig. 80 DESIGNATION: 2.31-0.38-20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.94 -0.48-20.0 Fig. 8l
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Fig 82 - DESIGNATION: 3.57 -0.58 -200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 4.20-0.69 -20.0 Fig. 83
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Fig. 84 - . DESIGNATION: 3.69-1.06-27.0Q NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.85—1.30-21.5 Fig. 85
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Fig. 86 ] DESIGNATION: 2.87- I.Il - 20,0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 4.02-0.98 —27.5 Fig. 87
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Fig. 88 DESIGNATION: 402-109 - 275 NACA TN No. 1182
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NACA TN No.' 1182 DESIGNATION: 3.68-0.3|-200 Fig. 89
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Fig. 20 DESIGNATION: 3.32-0.62-200 NACA TN No. 1182
MoDEL No. 339-I cG= 03bFwD.oFSTEP  Ga = 1069 (NOMINAL) TESTED AT S.LT. No.I TANK
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NACA TN No. 1182 DESIGNATION: 3.32-064-20.0 Fig. 9l
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Fig. 92 DESIGNATION: 2.72-0.62-20.0 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 2.72-061 -200 Fig. 93
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Fig. 94 'DESIGNATION: 3.93-064-200 NACA TN No. 1182
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_4_RESISTANCE, MOMENT AND STABILITY CHARAGTERISTICS

NACA TN No. 1182 DESIGNATION: 4.54-0.67~-20.0 Fig. 95
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Fig. 96 o DESIGNATION: 393-0.67-20.0 NACA TN No, 1182
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NACA TN No. 1182 DESIGNATION: 3.32-0.62-200 Fig. 97
MopeL No. 439-I G- 043D FWD. OF GENTROID Cs.= 090 . (NOMINAL) Testep AT SIT No.l Tank
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S LOGATIONS OF TANGENCIES OF FOREBODY SPRAY BLISTER ENVELOPES ¥
- 2.8 FREE-TO- TRIM, DISPLAGEMENT RANGE - 31 :
\ -~ N " &
"'2.4 - / K > 2'1
& \ L ' / . alal alal =
20 W ‘\ —— | bt [(RE NS B
S =y
/ / § gq
|, [ ><7 ] cenTro ~S
" s DISTANCE FROM § 3 L~ HEIGHT ABOVE KEEL Tz &
1.2 & s X/ O2/Ca E
— 1. e —
' %/ - \ Lo
— L Frow Soer G P/°g','5',°" STATION SPAGING GIVEN AS
B4 Cy2/Cy’s At DISTANCE FROM
l 5 3 s 5 e 7 8 s 1o I b 5 g | CENTROID,IN UNITS OF BEAM
L 0,09
—0.08 |6—_
—0.07 14—
—0.06 —12 —
(L]
0 Lt
3 a
0,061 uf-10—
N> %
L\J <
—0.04[ & —="8
@x
0,03 —6
-0.02 4
001 2—
i : Cv2 /Gal 73
0 2 3 4 5 8 7 8 9 10 1l 12 13 4 15 16 17 18 19 -
—16 =
14
—12 = =
—10-S.
w
.
[T
L 8-% —
=
. =
- ra - ! >§-
—4 —RESISTANGE, MOMENT AND STABILITY CHARAGTERISTICS . E
PLANING RANGE . 3
|—2 e M ng4 = :
2 -
V/V2 VS ]
0.35 0.30 0.25 0.20 0.15 0.]0 0.05




Fig. 98
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NACA TN No. 1182 DESIGNATION: 332-0.62-300 Fig. 99
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Fig. 100 —_ - "DESIGNATION: 328-059-200NACA TN No, 1182
MoosL No. 406 - C.G.= 037 b FWD. OF GENTROID Cas= O.73  (NOMINAL) TesTep AT SIT No.! TaNk
MopeL Beam: 545 1.10 b ABOVE KEEL k/L= ' Date: 3/42
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NACA TN No. 1182
MobpeL No. 618-1

DESIGNATION: 3.32 - 0.72-20.0

C.G= 039 b FWD. OF GENTROID Cau =

(NOMINAL)

TesTep AT SIT No.l Tank

Fig. 10

MopeL Beam: 540" 1.05b ABOVE KEEL k/L= Date: 9/44
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Fig. 102 S DESIGNATlON 3.36- 087 200 NACA TN No. 1182
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NACA TN No. 1182 DESIGNATION: 3.36-0.87-20.0 Fig. 103
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